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COMPOSITIONS CONTAINING IMMUNOTOXINS AND AGENTS THAT INHIBIT DENDRITIC CELL MATURATION 
FOR INDUCING IMMUNE TOLERANCE TO A GRAFT 



BACKGROUND OF THE INVENTION 



10 



15 



Field of The Invention 

This invention relates to techniques for inducing immune tolerance using an 
immunotoxin combined with an agent that inhibits dendritic cell maturation. The 
invention is in the field of immunobiology. 



Background Art 

Transplant tolerance remains an elusive goal for patients and physicians whose 
ideal would be to see a successful, xenogeneic transplantation performed without the 
need for indefinite, non-specific maintenance immunosuppressive drugs and their 
attendant side effects. As with many transplant procedures, securing viable allogeneic 
grafts can be difficult. In addition, long term immunosuppression can be problematic. 



Over the past 10 years, the majority of transplant recipients have been treated 
with cyclosporin, azathioprine, prednisone, and a variety of other immunosuppressive 

20 agents for maintenance immunosuppression. The average annual cost of maintenance 
immunosuppressive therapy in the United States is approximately $10,000. In addition 
to the cost, these agents, because of their non-specific effects, have considerable side 
effects, including compromising cell and organ function and increasing susceptibility to 
infection. A major goal in transplant immunobiology is the development of specific 

25 immunologic tolerance to transplants with the potential of freeing patients from the side 
effects of continuous phannacologic immunosuppression and its attendant 
complications and costs. 

Anti-T cell therapy (anti-lymphocyte globulin) has been used in rodents in 
30 conjunction with thymic injection of donor cells (Posseh et al. Science 1 990; 249: 

1293- 1295 and Remuzzi et al. Lancet 1991; 337: 750-752). Thymic tolerance, which 



Mi 



"1M 



WO 00/61132 



PCT/USOO/10253 



has proved successful in rodent models, involves the exposure of the recipient thymus 
gland to donor alloantigen prior to an organ allograft from the same donor. However, 
thymic tolerance has never been reported in large animals, and its relevance to tolerance 



in humans in unknown. 



One approach to achieving immune tolerance has been to expose the recipient to 
cells from the donor prior to the transplant, with the hope of inducing tolerance to a 
later transplant. This approach has involved placement of donor cells (e.g., bone 
marrow) presenting MHC Class I antigens in the recipient's thymus shortly after 
1 0 application of anti-lymphocyte serum (ALS) or radiation. However, this approach has 
proved difficult to adapt to live primates (e.g., monkeys or humans). ALS and/or 
radiation render the host susceptible to disease or side-effects and/or are insufficiently 

effective. 



15 If a reliable, safe approach to specific immunologic tolerance to transplantation, 

particularly xenogeneic transplantation, could be induced, this would be of tremendous 
value and appeal to patients and transplant physicians throughout the world, with 
immediate application to new transplants and with potential application to existing 
transplants in recipients with stable transplant function. Thus, a highly specific 

20 immune tolerance inducement is desired. Furthermore, there is a need for a means for 
imparting tolerance in primates, without the adverse effects of using ALS or radiation. 
Moreover, the goal is to achieve tolerance rather than simply delaying the rejection 
response. An important goal is to inhibit the rejection response to the point that 
rejection is not a factor in reducing average life span among transplant recipients. 

25 

SUMMARY OF THE INVENTION 

The present invention provides a method of inducing immune tolerance to a 
graft in a recipient, comprising administering to the recipient an immunotoxin, thereby 
30 reducing the recipient's T-cell population; and administering to the recipient an agent 
that inhibits dendritic cell maturation. The agent that inhibits dendritic cell maturation 
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is administered to the recipient at least once and, preferably, on the day of 
transplantation. Even more preferably, the agent that inhibits dendritic cell maturation 
administered to the recipient an additional four to fourteen times over the course of 



IS 



one to two weeks following transplantation. Optionally, the agent that inhibits 
5 dendritic cell maturation can be administered to the recipient prior to transplantation, 
and/or to the donor prior to harvesting the graft. The agent that inhibits dendritic cell 
maturation can be an inhibitor of nuclear translocation of NfkB, including, for example, 
deoxyspergualin, methyl-deoxyspergualin, and other deoxyspergualin derivatives or 
analogs. Other agents that inhibit dendritic cell maturation can include, for example, a 

10 soluble interleukin 1 7 (IL- 1 7) receptor Fc fusion protein, a glucocorticoid, a blocker of 
tumor necrosis factor alpha binding, a blocker of granulocyte macrophage colony 
stimulating factor binding, a blocker of IL-12p70 binding, or a blocker of IL-ip 
binding. An agent that inhibits dendritic cell maturation can also include a blocker of 
an immature dendritic cell epitope or a blocker of a dendritic cell precursor epitope 

1 5 involved in dendritic cell maturation such as an anti-CD40 ligand (i.e., anti-CDl 54), 
and, more specifically, the anti-CD40 ligand can be 5C8 or a derivative of analog 
thereof 



The present invention also provides a method of screening for an agent that acts 
20 synergistically with an immunotoxin in inducing immune tolerance, comprising 
transplanting a donor graft to a recipient; administering to the recipient an 
immunotoxin, thereby reducing the recipient's T-cell population; 
administering to the recipient the agent to be screened; obtaining a dendritic cell- 
containing sample; and determining a percentage of the dendritic cells in the sample 
25 that express or can be induced to express a marker specific for mature dendritic cells, 
wherein a low percentage shows a synergistic action. Also provided by the present 
invention is a method of screening for an agent that inhibits dendritic cell maturation, 
comprising obtaining a population of immature dendritic cells fi-om a dendritic cell- 
containing sample of a subject; culturing the population of cells in the presence of the 
30 agent to be screened; and determining a percentage of dendritic cells that express or can 
be induced to express a marker specific for mature dendritic cells, wherein a low 
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percentage shows inhibition of dendritic cell maturation. The present invention also 
provides a method of treating a subject with an autoimmune disease, comprising 
administering to the subject an immunotoxin, thereby reducing the subject's T-cell 
population; and administering to the subject an agent that inhibits dendritic cell 



5 maturation. 



10 



Also provided herein is a composition comprising an immunotoxin and an agent 
that inhibits dendritic cell maturation. More specifically, the present invention provides 
a composition, wherein the immunotoxin is an anti-T cell immunotoxin directed at the 
CD3 epitope or wherein the agent that inhibits dendritic cell maturation is an inhibitor 
of nuclear translocation of NfKB. 



BRIEF DESCRIPTION OF THE DRAWINGS 



1 5 Figure 1 shows that kidney transplant tolerance induction by treatment of the 

transplant recipient with immunotoxin on days 0 and +1 in combination with DSG on 
days 0-14 results in a prominent Th2 cytokine polarization. By the second week post 
transplantation, IL4 polarization (a lower level of IL4 compared to the group treated 
with immunotoxin alone and lower levels of IL4 compared to IFN-y levels) is shown in 

20 the groups that received the combined treatment. The group that received DSG for two 
weeks showed a sustained, progressive increase in IL4 polarization at 4 weeks, 
whereas, in the group that received DSG for only 5 days, the polarization was no longer 
sustained and the cytokine pattern was reversed. The IL4 polarization occurred 
independently of the type of anti-CD3 immunotoxin, i.e., the whole IgG or F(Ab)2 

25 form. 

Figures 2 A, 2B, and 2C show the results of RT-PCR assays performed on 
freshly obtained rhesus monkey peripheral blood lymphocytes treated with either whole 
IgG immunotoxin (FN18-CRM9), F(Ab)2 immunotoxin (FN18-F(Ab)2-CRM9), or 
30 control buffered saline (PBS). Figure 2A shows mRNA for IL-2, IL-4, IL-10, IFN-y 
in the absence of DSG. Figure 2B shows mRNA for IL-2, IL-4, IL-10, IFN-y in cells 
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treated with DSG (2.5 jig/ml). Figure 2C shows the density ratio of the various 
mRNAs to the actin control. 



The present invention provides a short course, immune tolerance inducing 
treatment regimen utilizing an immunotoxin that, when combined with agents that 
inhibit dendritic cell maturation, prevents transplant rejection while maintaining 
transplant function. Thus, the present invention provides a method of inducing immune 
tolerance to a graft in a recipient, comprising administering to the recipient an 
immunotoxin, thereby reducing the recipient's T-cell population; and administering to 
the recipient an agent that inhibits dendritic cell maturation. 

As used throughout, a "graft" can include an allogenic or xenogenic organ, 
tissue, or cellular transplant. The graft, for example, can be selected from the group 
consisting of kidney, liver, heart, pancreas, lung, skin, and isolated cell transplants of 

I 

pancreatic islets, hepatoc>^es, stem cell precursors, and differentiated stem cell 
precursors. 

As used throughout, the "recipient" or "subject" is preferably a mammal. More 
preferably, the mammalian recipient is a primate, and, even more preferably, a human. 
The "recipient" or "subject" being treated can include individual humans, domesticated 
animals, livestock (e.g., cattle, horses, pigs, etc.), and pets (e.g., cats and dogs). 

As used throughout, a "donor" can be a cadaver or a living donor. Furthermore, 
the donor can be of the same species as the subject being treated or a different species 
than the subject being treated. Thus, using the method of the invention, transplantation 
can be performed across primate species (i.e., xenogeneic transplantation or xenograft) 
and within the same primate line (i.e., allogeneic transplantation or allograft). Even 
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highly sensitive xenografts can maintain fiinction in the presence of this immune 
tolerance inducing regimen. 

The donor grafts used in the present methods can comprise cells that are altered, 
5 such as by genetically engineering the donor or donor cells. For example, the donor 
cells could be engineered to reduce antigenicity or to reduce the susceptibility of 
transplanted cells to immune injury (R. Weiss, Nature 391 : 327-28 (1 998)). 

As used herein, "an agent that inhibits dendritic cell maturation" refers to any 
0 agent that, when in contact with dendritic cell precursors, inhibits all or a portion of the 
precursors from expressing markers of mature dendritic cells. Thus, an agent that 
inhibits dendritic cell maturation would cause about 5, 10, 15, 20, 25, 30, 35, 40, 45, 
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100% fewer cells to express markers such as 
membrane CD83, DR, or CD86 or nuclear Rel-B than in the absence of the agent. The 
5 effectiveness of the inhibitor of dendritic cell maturation, therefore, can be assessed by 
determining the percent decrease in the number of cells expressing markers for mature 
dendritic cells, as described more fiiUy in the examples provided herein. 

The agent that inhibits dendritic cell maturation can be an inhibitor of nuclear 
10 translocation of NfnB . More specifically, the inhibitor of nuclear translocation of 

NfKB can be deoxysperguaUn or a derivative or analog thereof, including, for example, 
methyl-deoxyspergualin or a deoxyspergualin analog lacking a chiral center (e.g., LF 
08-0299) (Andoins et al., 1 996, which is incorporated herein by reference). Other 
derivatives or analogs of deoxyspergualin can be used that include, for example, those 
15 identified in U.S. Pat. No. 4,518,532; U.S. Pat. No. 4,518,532; U.S. Pat. No. 4,525,299; 
U.S. Pat. No. 4,956,504; U.S. Pat. No. 5,162,581; U.S. Pat. No. 5, 476,870; U.S. Pat. 
No. 5,637,613; W.O. 96/24579; EP 600762; EP 669316; EP 7433000; BP 765866; and 
EP 755380, which are incorporated herein by reference. 

\0 Preferably, the agent that inhibits dendritic cell maturation activates one or more 

NF-AT dependent Th2 cytokines (e.g., one or more cytokine selected from the group 
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consisting of IL2, IL4, and ILIO). Also, the agent that inhibits dendritic cell maturation 
preferably inhibits one or more NfkB dependent Thl cytokines (e.g., INFy). Such 
activation or inhibition can be due to an increase or decrease, respectively, in the 
cytokine gene expression. Thus, alterations in levels of the xnRNA encoding the 
5 cytokine or protein levels can occur with treatment with the agent. In one embodiment 
of the invention, the agent activates one or more NF-AT dependent Th2 cytokines and 
inhibits one or more NfkB dependent Thl cytokines. Thus, for example, the agent can 
activate IL4 and inhibit INFy. 



1 0 Alternatively, the agent that inhibits dendritic cell maturation can be a soluble 

IL-17 receptor Fc fusion protein, a glucocorticoid, a blocker of tumor necrosis factor 
alpha (TNF-a) binding, a blocker of granulocyte macrophage colony stimulating factor 
(GM-CSF) binding, a blocker of IL-12p70 binding, or a blocker of IL-lp binding. An 
agent that inhibits dendritic cell maturation can also include a blocker of an immature 

1 5 dendritic cell epitope or a blocker of a dendritic cell precursor epitope involved in 
dendritic cell maturation such as an anti-CD40 ligand (i.e., anti-CD 154), and, more 
specifically, the anti-CD40 ligand can be 5C8 or a derivative of analog thereof. One 
skilled in the art would recognize that agents that inhibit dendritic cell maturation can 
be used in combination for either a synergistic or additive effect. 

20 

Preferably, the agent that inhibits dendritic cell maturation is administered to 
the recipient at least once. Even more preferably, the agent that inhibits dendritic cell 
maturation can be administered to the recipient at least on the day of transplantation 
and 1, 2, 3, 4, 5, 6, or 7 additional days within the fu"st week following transplantation 

25 or 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14 additional days within the first two weeks 
following the day of transplantation. The course of administration can optionally be 
optimized to produce a sustained increase in the activation of NF-AT transcription 
pathway mediated cytokines and/or the inhibition of NfxB transcription pathway 
mediated cytokines. Thus, in one embodiment, the agent is administered daily, on the 

30 day of transplantation and 13 or 14 additional times. 
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In addition to administration on and after the day of transplantation, the agent 
that inhibits dendritic cell maturation can additionally be administered to the recipient 
prior to transplantation. For example, deoxyspergualin can be administered to the 
recipient at least once between 24 hours and 0.25 hours, and preferably, 23, 22, 21, 20, 
19, 18, 17, 16, 15,14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0.5 hours, prior to 
transplantation. Optionally, the present invention can further comprise administering to 
a transplant donor, prior to harvesting the transplant, an agent that inhibits dendritic cell 
maturation. For example, deoxyspergualin can be administered to the donor at least 
once between 24 hours and 0.25 hours, and preferably, 23, 22, 21, 20, 19, 18, 17, 16, 
15,14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0.5 hours, prior to harvesting the graft. 
Although the time course for administration of inhibitor of dendritic cell maturation 
prior to transplantation may be hmited by the unpredictability of organ availability and 
procurement, it is preferred to administer the inhibitor to the recipient prior to 
transplantation and/or to the donor prior to harvesting the graft. 



The preferred dose of inhibitors of dendritic cell maturation will also vary 
depending on the specific inhibitor used; the species, age, weight and general condition 
of the recipient; the mode of administration; and the like. Thus, it is not possible or 
necessary to specify an exact dose, as an appropriate time course may be determined 
20 without undue experimentation by one of ordinary skill in the art. By way of example, 
the dose of deoxyspergualin can be between 0.1 and 10 mg/kg/d, including 0.5, 1.0, 1.5, 
2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 10.0 mg/kg/d or any 
amount in between. 



25 As used throughout, an "immunotoxin" can be an anti-T cell immunotoxin 

directed at the CD3 epitope. The immunotoxin can be an immunoconjugate or fiision 
protein. The immunotoxin can be either monovalent or divalent. The divalent anti-T 
cell immunotoxin can be UCHT1-CRM9 or a derivative or analog thereof The 
divalent anti-T cell immunotoxin can comprise a toxin moiety and a targeting moiety 

30 directed to the T cell CD3e epitope, and the toxin moiety can be a diphtheria toxin. 
The divalent anti-T cell immunotoxin can be an engineered divalent fusion 
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immunotoxiB. Various imxnunotoxins and treatment regimens are described more fully 
in U.S. Serial No. 09/064,413 and PCT/US 98/04303, which are incorporated herein by 
reference. The immunotoxin can be, for example, a whole IgG immunotoxin (such as 
FNl 8-CRM9) or can be a F(Ab)2 form of the immunotoxin (such as FNl 8-F(Ab)2 
5 CRM9). 

In the present invention, the immimotoxin is administered at least two times, 
preferably at least on the day of transplantation and on the second day following 
transplantation. The immunotoxin can be administered beginning at 72 to 0 hours 

10 before transplantation and continuing up to several days thereafter. Preferably, the 
immunotoxin can be administered to the recipient, to the donor, or both 72-48 hours 
prior to a xenogeneic transplant and 24 to 0 hours prior to an allogeneic transplant. 
Preferably, the immunotoxin is administered to the recipient for 1/2, or 3 days 
following transplantation or any time in between. It is contemplated that immunotoxin 

15 administration of up to 4, 5, 6, or 7 days can be used, but such an extended time course 
of immunotoxin administration would require that the production of antitoxin 
antibodies, which begins after approximately 5 days of administration, be addressed. 
The immunotoxin can be administered in subjects beginning anytime after 
transplantation. Thus, it is contemplated that a subject with a long term surviving 

20 transplant, who has not previously received immunotoxin treatment, could still benefit 
from immimotoxin administration, thereby avoiding the need for long-term treatment 
with immxmosuppressives. It is fiirther contemplated that a graft recipient who begins 
to show signs of rejection may benefit from immunotoxin administration to reduce or 
eliminate the rejection process. Thus, even in recipients that have previously been 

25 treated with immunotoxins, recipients showing a rejection responses can be fiirther 
treated with additional immunotoxin administration. 

As used throughout, the immunotoxin preferably transiently reduces the 
subject's or recipient's T cells in the blood and lymph nodes by at least one log unit. 
30 Preferably the number of T cells in the blood and lymph nodes will be transiently 

decreased by 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, or 3 log units, or 
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20 



any interval amount between 0.7 and 3 log units. By "transiently reduces" is meant that 
T cells are reduced by 0.7 to 3 log units in the blood and lymph compartments for at 
least four days before starting to return to normal levels. 

The present method can further comprise administering an immunosuppressive 
agent to the recipient. As used throughout, an immunosuppressive agent, or 
immunosuppressant, includes, for example, methylprednisolone, Neoral, cyclosporine, 
mycophenolate moefitil, tacrolimus, azathioprine, rapamycin, a steroid, or any 
combination thereof The immunosuppressive agents can be administered beginning 24 
to 0 hours prior to transplantation and continuing up to two weeks thereafter. 
Preferably, the immunosuppressive agents can be administered for at least 4, 5, 6, 7, 8, 
9, 10, 1 1, 12, 13, 14 days, or any interval time. The regimen of combined immunotoxin 
and dendritic cell maturation inhibition agent allows short-term immunosuppressive 
therapy and eliminates the need for long-term treatment with immunosuppressives, 
thereby avoiding the side effects associated with chronic immunosuppression. Thus, 
when a course of immunosuppressants is used in conjunction with immunotoxins and 
an agent that inhibits dendritic cell maturation, the course of immunosuppression can 
be shorter in duration and/or lower in dosage than is traditionally used to prevent graft 
rejection. 



Adjunct therapies can be used together in the present methods of inducing 
immune tolerance and treating immune disorders . Thus, the invention includes at least 
one method of inducing tolerance using immunotoxin (IT): (1) tolerance induction by 
administering IT in combination with an agent or agents that inhibit dendritic cell 

25 maturation; (2) tolerance induction by administering IT, an agent or agents that inhibit 
dendritic cell maturation, and at least one or a combination of immunosuppressant drug. 
The adjunct therapy can be administered before, at the same time or after the 
administration of immunotoxin. Different adjunct therapies can be administered to the 
recipient at different times or at the same time in relation to the transplant event or the 

30 administration of immunotoxin, as further described below. 
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Because the iinmunosuppressant can be administered before treatment with the 
immunotoxin and agent that inhibits dendritic cell maturation, the present method of 
combining immunotoxins and agents that inhibit dendritic cell maturation can be used 
with a graft recipient who is on an immunosuppressant regimen. This presents a 
significant opportunity to reduce or eliminate traditional immunosuppressant therapy 
and its well documented negative side-effects. Also, treatment with agents that inhibit 
dendritic cell maturation and/or immunosuppressants prior to transplantation could be 
particularly useful in cadaveric and xenogeneic transplants. In such a setting of pre- 
transplant treatment, the administration of immunotoxin can be delayed for up to seven 
or more days post-transplantation. 



15 



20 



25 



30 



Examples of schedules of administration of an immunotoxin and an agent that 
inhibits dendritic cell maturation, for patients receiving organ transplants are as 



follows: 



or 



day -24 to -0 hours: treat recipient with the agent that inhibits dendritic cell 

maturation (optional) 
day 0 : perform transplant; immediately following transplant, 

administer 1st immunotoxin dose; treat the recipient with 



day 1 



day 2 



day 3 



day 6 



the agent that inhibits dendritic cell maturation 

treat the recipient with the agent that inhibits dendritic 

cell maturation 

2nd immunotoxin dose; treat the recipient with the agent 

that inhibits dendritic cell maturation 

treat recipient with the agent that inhibits dendritic cell 

maturation 

treat recipient with the agent that inhibits dendritic cell 
maturation; 



day -24 to -0 hours: treat recipient with the agent that inhibits dendritic cell 

maturation (optional) 
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day 0 : perform transplant; immediately following transplant, 

administer 1st immunotoxin dose; treat the recipient with 
the agent that inhibits dendritic cell maturation 
day 2 : 2nd immunotoxin dose 

5 day 4 : treat recipient with the agent that inhibits dendritic cell 

maturation 

day 7 : treat recipient with the agent that inhibits dendritic cell 

maturation; 

day 10 : treat recipient with the agent that inhibits dendritic cell 

10 maturation; 

day 13 : treat recipient with the agent that inhibits dendritic cell 

maturation. 



In either example, the donor can be treated with the agent that inhibits dendritic cell 
15 maturation 24 to 0 hours prior to harvesting the transplant and/or the recipients can be 
treated with immunosuppressants prior to transplantation, on the day of transplantation, 
or following transplantation. One skilled in the art would know to modify the time 
course according to the individual recipient, depending on the species, age, weight and 
general condition of the recipient, the particular agents used, the mode of 
20 administration, and the like. Thus, it is not possible or necessary to specify an exact 
time course. However, an appropriate time course may be determined by one of 
ordinary skill in the art. 

The presently preferred doses of the immunotoxin are those sufficient to deplete 
25 peripheral blood T-cell levels to 80%, preferably 90% (or especially preferably 95% or 
higher) of preinjection levels. This should require mg/kg levels for humans similar to 
those for monkeys (e.g., 0.05 mg/kg to 0.3 mg/kg body weight), which toxicity studies 
indicate should be well tolerated by humans. Thus, the immunotoxin can be 
administered to safely reduce the recipients T cell population. 
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The effectiveness of the method of inducing tolerance can be assessed using 
methods well known in the art. Clinical signs of graft function and graft rejection could 
be assessed. For example, using an method of inducing tolerance to a pancreatic or islet 
cell graft, blood glucose levels could be measured, and non-fasting blood glucose levels 



tolerance induction regimen would indicate the absence of graft rejection. Other signs 
of graft rejection include histological characteristics (for example, upon biopsy of the 
transplant) such as interstitial fibrosis, interstitial hyperplasia, arteriolar narrowing, and 
ischemic injury to the transplanted organ. Additionally, histological signs of rejection 

10 of a kidney transplant include reduplication and thickening of the glomerular basement 
membrane. The clinical signs of rejection include gradually progressive graft 
dysfimction. For example, in a subject with a kidney transplant, increasing blood levels 
of creatinine would indicate rejection. Normal serum levels of creatinine are less than 
2.0 mg/dl, and more typically about 0.5 to 1.5 mg/dl. Renal graft dysfimction is 

15 evidenced by approximately a two fold increase in baseline levels of creatinine. The 
presence of antidonor antibody and increasing levels of antidonor antibody could also 
indicate graft dysfunction. One skilled in the art would recognize other histological 
indicators and clinical indicators of rejection. 

20 The present invention also provides a method of screening for an agent that acts 

synergistically with an immunotoxin in inducing immune tolerance, comprising 
transplanting a donor graft to a recipient; administering to the recipient an 
immunotoxin, thereby reducing the recipient's T-cell population; administering to the 
recipient the agent to be screened; obtaining a dendritic cell-containing sample; and 

25 detemiining a percentage of the dendritic cells in the sample that express or can be 
induced to express a marker specific for mature dendritic cells, wherein a low 
percentage shows a synergistic action. As used throughout, a "dendritic cell-containing 
sample" can include, for example, a lymph node biopsy, a blood sample, or a tonsil 
biopsy. Also, as used throughout, a "marker specific for mature dendritic cells" can 

30 include, for example, membrane CD83, membrane DR, membrane CD86, cytoplasmic 



5 



will preferably be maintained below 160 mg/dl upon completion of the immune 
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P55, or nuclear Rel-B. These can be routinely detected using methods know in the art. 
(O'Doherty et al., 1997). 

Also provided by the present invention is a method of screening for an agent 
5 that inhibits dendritic cell maturation, comprising obtaining a population of immature 
dendritic cells from a dendritic cell-containing sample of a subject; culturing the 
population of cells in the presence of the agent to be screened; and determining a 
percentage of dendritic cells that express or can be induced to express a marker specific 
for mature dendritic cells, wherein a low percentage shows inhibition of dendritic cell 
1 0 maturation. Preferably, the population of cells is cultured in monocyte-conditioned 
medium supplemented with TNFa. 

The present invention also provides a method of treating a subject with an 
autoimmune disease, comprising administering to the subject an immunotoxin, thereby 

1 5 reducing the subject's T-cell population; and administering to the subject an agent that 
inhibits dendritic cell maturation. Autoimmune diseases that can be treated by the 
present method include, for example, systemic lupus erythematosus, myasthenia gravis, 
stiff-man syndrome, an autoimmune thyroid disease, Sydenham chorea, rheumatoid 
arthritis. One skilled in the art would recognize a variety of ways to assess the 

20 effectiveness of the treatment, for example, a reduction in clinical symptoms (such as 
decreased pain, improved muscle function, improved thyroid function) and histological 
or biochemical evidence of reduced T cells and or mature dendritic cells. 



In the present method of treating autoimmune diseases, the agent that inhibits 
25 dendritic cell maturation is administered to the subject at least once, or two, three, four, 
five, six, seven, eight, nine, ten, eleven, twelve, thirteen, or fourteen times, preferably 
over a period of about two weeks, and the immunotoxin is preferably administered at 
least one, two, or three times, preferably within a period of less than five days. As 
discussed above in the context of inducing immune tolerance, mununotoxin can be 
30 administered for about 4 days if the production of antitoxin antibodies is addressed. 
Alternatively, the method of treatment can fiirther comprise administering an 



I 





PCT/USOO/10253 



WO 00/61132 



15 



immunosuppressive agent to the subject. Treatment of immunosuppressants, however, 
could be of limited duration and a lower dose than traditionally used. 

Because the immune functions that govern graft acceptance and rejection and 
5 autoimmune diseases are similar across primate species, the combined use of 

immunotoxins and agents that inhibit the maturation of dendritic cells as described 
herein is expected to succeed in humans for inducing immune tolerance or for treating 
autoimmune disorders. 

10 The present invention also provides a composition comprising an immunotoxin 

and an agent that inhibits dendritic cell maturation. More specifically, the present 
invention provides a composition, wherein the immunotoxin is an anti-T cell 
immunotoxin directed at the CDS epitope or wherein the agent that inhibits dendritic 
cell maturation is an inhibitor of nuclear translocation of NfkB. Preferably, the agent 

1 5 that inhibits dendritic cell maturation activates one or more NF-AT dependent Th2 

cytokines. Also, the agent that inhibits dendritic cell maturation preferably inhibits one 
or more NficB dependent Thl cytokines. In one embodiment of the invention, the agent 
activates one or more NF-AT dependent Th2 cytokines and inhibits one or more NficB 
dependent Thl cytokines. Thus, for example, the agent can activate IL4 and inhibit 



The composition of the present invention can further comprise a 
phaimaceutically acceptable carrier. By "pharmaceutically acceptable" is meant a 
material that is not biologically or otherwise undesirable, i.e., the material can be 

25 administered to a subject along with the immunotoxin and agent that inhibits dendritic 
cell maturation without causing any substantial undesirable biological effects or 
interacting in a deleterious manner with any of the components of the pharmaceutical 
composition in which it is contained. The carrier would naturally be selected to 
minimize any degradation of the active ingredient and to minimize any adverse side 

30 ' effects in the subject. Suitable carriers can include, for example, water, pyrogen free 
saline, pharmaceutically accepted oils, or a mixture of any of these. The carrier can 



20 
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also contain other suitable phannaceutical additions such as buffers, preservatives, 
flavoring agents, viscosity or osmo-regulators, stabilizers or suspending agents. 

The present invention is more particularly described in the follow^ing examples 
which are intended as illustrative only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 



EXAMPLE 1 

Transient arrest of dendritic cell maturation for primate tolerance induction 

1 0 In nonhuman primates, following T cell depletion in lymph nodes and blood 

after day-of-transplant induction with anti-CD3 immunotoxin, stable tolerance to MHC 
mismatched renal allografts is favored by inhibition of proinflammatory cytokine 
responses using brief treatment with the NFkB inhibitor, 15-deoxyspergualin. The 
mechanism for this synergistic effect is blockade of dendritic cell precursor maturation 

1 5 during the T cell recovery phase after immunotoxin induction. 

Nomial 3 kg male rhesus monkeys received a renal allograft from an unrelated, 
MHC mismatched donor. The monkeys were then treated with two injections of 
immunotoxin (100^g/kg/d) on day 0 and +2, methylprednisolone (MP) tapering from 7 

20 mg/kg/d to zero on days 0 to +3, and deoxyspergualin (2.5 mg/kg/d) on days 0 to -f4 
(n=5) or 0 to +14 (n=5). Additional recipients had immunotoxin with MP alone (n=3) 
or MP plus Neoral (100 mg/gk/d) on days 0-4 (n=3). Inguinal and axial lymph nodes 
were biopsied at 5, 15, and 30 days and examined by immunohistochemistry for the 
presence of markers of mature dendritic cells, specifically, for membrane CD83, DR, 

25 and CD86 and nuclear Rel-B. 



30 



Renal allografts survived without histologic or clinical evidence of acute or 
chronic rejection in 80% of IT-treated recipients given MP plus deoxyspergualin x 15d, 
in 40% in those given MP plus deoxyspergualin x 5d, and in 0% of those given only 
MP or MP plus NeoraL The 3 longest deoxyspergualin survivors are >830 days (2.3 
years) with normal renal ftmction and immunologic evidence of specific tolerance. 
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Compared to lymph nodes from transplants without deoxyspergualin, the day +5 lymph 
node tissue from deoxyspergualin-treated recipients showed extreme reduction in 
mature DC, i.e., a mean 58-fold ± 9.9 reduction in membrane expression for DC83, 49- 
fold ±9.0 for CD86, and 81-fold± 13.5 for DR. Rel-B nuclear positive cells were 
5 reduced 46 fold ±7. 1 . Partial recovery occurred by day 15, and by day 30, DR+, 
CD83+, and Rel-B+ cells were within control range. CD86+ cells were still reduced 
(by 7.5-foldil.8). The results indicate a dose-dependent NFkB inhibition and DCp 
maturation arrest by deoxyspergualin. 

10 The data show the NFkB inhibitor, deoxyspergualin, blocks maturation of 

dendritic cell precursors in vivo in nonhuman primates. We hypothesize that the 
unusual synergy of immunotoxin and deoxyspergualin in prompting tolerance in this 
difficult model is due in part to depletion of memory as well as naive T cells by 
immunotoxin. Conceptually, this would create a transitional circumstance in which 

15 repopulating naive T cells are committed to dendritic cell costimulatory requirements 
for activation, while dendritic cell precursor acquisition of costimulatory function is 
arrested by deoxyspergualin. The net result, a window of 2-3 weeks, is a fleeting lapse 
into a "non-dangerous" milieu akin to the neonate's, coincidentally reduced both in T 
cell scope and dendritic cell precursor maturity, thereby favoring tolerance. 

20 

EXAMPLE 2 

To directly examine dendritic cell precursor maturation, isolated rhesus 
peripheral blood dendritic cell precursors in medium containing monocyte conditioned 
medium (MCM) supplemented with TNFa were examined. Deoxyspergualin (0.6-10 
25 mg/ml) was added to dendritic cell precursor cultures prior to adding MCM/TNFa. 

Expression of dendritic cell maturation markers, as in Example 1, was assessed by flow 
cytometry and by immunocytochemistry staining of cytocentrifuge preparations. 

The in vitro data showed a shift from nuclear to cytoplasmic and from 
30 membrane to cytoplasmic staining of Rel-B and CD83, respectively, reflecting a 
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dominant immature dendritic cell precursor phenotype in the deoxyspergualin treated 
cultures. The in vitro results are consistent with the in vivo results of Example 1 . 



Example 3 

5 Allografts were performed as in Example 1 . The graft recipients were treated 

with either the whole IgG form of the immunotoxin or the F(Ab)2 fomi of the 
immunotoxin on days 0 and +1, also as described in Example 1, Some of the recipients 
also received DSG daily for either five days following transplantation or for two weeks 
following transplantation. Plasma levels of the Th2 cytokine IL4 and the Thl cytokine 
1 0 interferon gamma (IFN-y) were assayed 1 week, 2 weeks, or 4 weeks after 

transplantation. Following treatment with the whole IgG immunotoxin alone, levels of 
IFN-Y IL-4 increased progressively fi-om 1 to 4 weeks with levels of IFN-y higher 
than levels of IL-4. When treatment with the whole IgG immunotoxin is combined 
with DSG treatment, the levels of cytokines change. By the second week post 

15 transplantation, a clear IL4 polarization is shown in the groups that received the 
combined treatment. Specifically the groups that received combined treatments 
showed a substantially lower level of IL4 compared to the group treated with 
immunotoxin alone and substantially lower levels of IL4 compared to IFN-y levels. 
The group that received DSG for two weeks showed a sustained, progressive increase 

20 in IL4 polarization at 4 weeks, whereas, in the group that received DSG for only 5 days, 
the polarization was no longer sustained and the cytokine pattern was reversed. These 
data indicated that a two-week course of DSG, in combination with immunotoxin, was 
necessary to achieve the effect of sustained IL4 polarization. The IL4 polarization 
occurred independently of the type of anti-CD3 immunotoxin, i.e., the whole IgG or 

25 F(Ab)2 form. The magnitude of the IL4 response was lower with the F(Ab)2 form, but 
the polarization was virtually complete inasmuch as there was no measurable 
interferon-gamma. See Figure 1. 

Example 4 

30 RT PGR techniques well known in the art were used with ft-eshly obtained 

rhesus monkey peripheral blood lymphocytes stimulated with whole IgG immunotoxin 



wo 00/61132 



PCT/USOO/10253 



19 

(FN18-CRM9), F(Ab)2 immunotoxin (FN18-F(Ab)2-CRM9), or treated with phosphate 
buffered saline (PBS). The results of the experiment are shown in Figure 2. FNl 8- 
CRM9 induced cytokine gene expression for IL2, IL4, ILIO, and INFy, whereas FN18- 
F(Ab)2-CRM9 selectively induced only IL4 and ILl 0 expression. In the presence of 
5 low doses of DSG (2.5 ng/ml), FNl 8-CRM9 induction of IL2, 4, 10 and INFy is 

reduced. In contrast, low doses of DSG in combination with FNl 8-F(Ab)2-CRM9, IL4 
and ILIO are enhanced, which is consistent with the in vivo data in Example 3. Thus, 
FN18-F(Ab)2-CRM9 in combination with DSG has a unique effect of blocking INFy 
expression (consistent with the inhibitory effect of DSG on NF-kB translocation) while 
1 0 enhancing expression of IL4 and ILl 0. Thus DSG, unlike cyclosporin or FK506, 
preserves and increases NF-AT transcription factors activation of IL4 and ILIO but 
selectively inhibits NF-kB dependent cytokine activation pathways. 

Throughout this application, various publications are referenced. The 
1 5 disclosures of these publications in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of the art to which this 
invention pertains. 



Although the present invention is described with reference to specific details of 
20 certain embodiments thereof, it is not intended that such details should be regarded as 
limitations upon the scope of the invention except as and to the extent that they are 
included in the accompanying claims. 



ft 



I 

I 



wo 00/61132 




PCT/USOO/10253 



20 

REFERENCES 

1 . Andoins et al. (1 996), Transplantation 62: 1 543-1549. 

2. Posselt et al.(1990). Science 249:1293-1295. 

3. Remuzzi et al. (1991), Lancet 33,1 :1 50-1 52. 

4. O'Doherty et al. ( 1 997), J. of Immunol. Meth. 207: 1 85- 1 94. 



